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SPECIFICATION 
Dental Filling Material 

This Invention relates to 8 dental filling material capable of forming a cured product or filling with 
improved mechanical properties. 
5 Recently, for the treatment of dental carles, composite resin has been often used as a dental 5 
filling material because It has many advantagea of easy application, safety and matching color as 
compared with conventional filling materials such as amalgam, Inlay and cement A composite resin 
generally comprises monomers, polymers. Inorganic fillers, catalysts or curing agents; colorants, 
stabilizers and the like. The composite resin usually consists of a two-paste system, one paste 

1 0 containing an amine catalyst, and the other paste containing a peroxide catalyst The two pastes are 10 
formulated so as to be cured within about five minutes when a dentist mixes them. An ultraviolet- 
curable system is also available. 

In these types of dental filling materials or composite resins, physical properties are Important, 
including hardness, flexure! strength, compressive strength, abrasion resistance, water absorption and 

1 6 the like. A number of filling materials have been formulated with special attention paid to physical 1 5 
properties, as disclosed in Bowen, U.S. Patent No. 3,066,1 1 2, Swiss Patent No. 557,674, and 
Japanese Patent Application Laid-Open No. 48 — 45092. These filling materials are, however, not 
necessarily satisfactory In strength as compared with metallic materials. There has been a need for a 
dental filling material capable of forming a cured product having enhanced strength and improved 

20 physical properties. *° 
The Inventors have found that by using a monomelic reaction product of two moles of a 
hydroxyaikyl dlscrylate or dimethacryiate with one mole of an organic dilsoeyanate (to be referred to as 
"dlurethane tetraacrylate or tetramethacrylate", hereinafter) as a potymerizabie monomer of a dental 
filling material, there is obtained a dental filling material capable of forming a cured product which not 

25 only has improved properties required for dental fillings, particularly, improved hardness, compressive 25 
strength, flewjral strength and tensile strength, but also has a color tone quite similar to the tooth 
enamel such that substantially no aesthetic difference may be perceptible between the cured filling and 
the adjoining tooth enamel. This filling material Is useful for actual dental treatment. 

It has been known from United Kingdom Patent Nos. 1 ,40 1 ,805 and 1 ,430,303 that formulating 

30 urethane diacrylate results In a cured product which is water white In color and aesthetically 30 
acceptable. However, the use of diurethane tetraacrylate or tetramethacrylate to form a cured product 
with improved physical properties Is novel as far as the Inventors know. 

Accordingly, an object of phe present invention is to provide a dental filling material capable of 
forming a cured product with improved physical properties, especially Increased hardness and flexural 

35 strength. 36 
Another object of the present Invention Is to provide a dental filling material capable of forming a 
cured product having a color tone quite similar to the tooth enamel so that substantially no difference 
may be perceptible between the filling and the adjoining tooth enamel. 

According to one aspect of the present invention, there Is provided a dental filling material 

40 comprising a polymerizable monomer to be polymerized upon application, characterized In that a 40 
reaction product of two moles of e hydroxyaikyl diacrylate and/or a hydroxyaikyl dimethacryiate with 
one mole of an organic dilsoeyanate is used as a single porymerizable monomer or In admixture with 
another polymerizable monomer. The reection product Is referred to as diurethane tetraacrylate or 
tetramethacrylate. 

46 In the dental filling material according to the present invention, a poiymenzable monomer of 46 
diurethane tetraacrylate or tetramethacrylate is employed alone or In admixture with another 
polymerizable monomer, in the latter case, according to a preferred embodiment of the present 
invention, a dental filling material comprises in addition to the polymerizable monomer of diurethane 
tetraacrylate or tetramethacrylate, a second polymerizable monomer of trtmethylolpropane trtacrylate 

50 and/or trimethylolpropane trimethacrylate, and a third polymerizeble monomer haying the formula: 50 

R R 

I I 
CH 2 =C— CO— (— OCH 2 CH 2 — ) m — OOCC=CH 4 

wherein R is Independently a hydrogen or a methyl group, and m is equal to an integer of from 1 to 3. 
This mixture of the monomers described shove results in a cured product having further increased 
strength. ■ 
65 A cured product with further Increased strength also results from a combination of diurethane 55 
tetraacrylate or tetramethacrylate, the compound having the above-mentioned formula, and a 
compound having the following formula: 
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5 



0 CH3 § 

C^0CH 2 CH 2 ^0O"C-Q0H-CH 2 CH 2 0^C 

C»CH 2 CH 3 H 2 OC [ 

R R ! 

wherein R Is Independently a hydrogen or a methyl group and m Is equal to an Integer of from 1 to 3. 

Thi S otheVobjeSsTfeatures and advantages of the present Invention will become more 
nfVMirant and understandable from the following descriptions. 

B»m^M rftf« dlurethane tetraactylates and tetremethacrylatea Include those compounds 8 
having the general formula I: 

H 2 C=i i=cH 2 
0=COCH 2 -CH-CH 2 OC°0 

to . 
I 

NH 

NH 
I 

00 
I 

I h 2 c-c c-qn 2 

R3 R* 

wherein R\ R a , R 8 and R* are Independently hydrogens or methyl groups, and n Is an integer varying 
from 2 to 1 0. The compounds of formula I are formed by reacting a reaction product of glycidyl acrylate 

1 0 or glycidyl methacrylate with acrylic or methacrylle acid, with an alkylene diisocyanate. Most preferred 1 0 
is tha compound of formula I wherein R 1 to R*are methyl groups and n is equal to 6, that is, bislt.3- 
dlmethacryloyloxy-2^panetrlyl)^,N^hexametrr^ene dlcarbamate. Bls{ 1 ,3-dIacrylovioxy-2- 
propanetriyl)^,N'-hexamethylene dlcarbamate Is also preferred , , . 

The dlurethane tetraacryiates and tetramethacryiates may ba ueed either alone or In admixture 

15 of two or more. The dlurethane tetraacrylate or tetramethBcryiate may be used either as a s^ 1 * 1 B 

polymerteable monomer or In admixture with one or more other poiymerteable monomers in the filling 
material of tha present invention. 

The other monomers which can be used In combination with the dJurethane tetraacrylata and/or 
tetramethacrylate monomer may be mono- or polyfunctions! groups. Examples of the monofu notional 

20 and polyfunctiona! monomers are enumerated below. 20 

Monofunctional Monomer 

methyl acrylate and methacrylata, 
ethyl acrylate and methacrylata, 

butyl acrylate and methacrylate, « 
25 allyl acrylate and methacrylate, 25' 
hydroxyethyl acrylate and methacrylate, - 
methoxyethyi acrylate and methacrylate, etc. 

Polyfunctiona. Monomer 

Dffunctional aliphatic acrylate and methacrylate 
30 ethylene glycol diacrylate and dlmethacrylate, 30 
diethyfene glycol diecrylate and dlmethacrylate, 
trlethylene glycol diacrylate and dlmethacrylate, 
polyethylene glycol diacrylate and dlmethacrylate. 
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butylene glycol dlacrylate and dlmethacrylate, 
neopentyl glycol diacryiate and dlrnethacrylate, 
propylene glycol dlacrylate and dlmethacrylate, 
1 ,3-butanediol dlacrylate and dlmethacrylate. 
5 1,4-butanediol dlacrylate and dlmethacrylate, 6 
1 ,6-hexanediol diacrylete and dlmethacrylate, etc. v 

D (functional aromatic acrylate and mathacrylate 

2,2-bla(acryloxyphenY!)propane, 

2^-b1s(methacryloxyphenyl) propa ne, 
10 2^^is(4^3-aciYloxy)-24iydroxypropoxyphenyl)propanB ( 10 

2,24)Is(4-(3wnethacryloxy)-24iydroxypropoxyphenyHDrop^ 

2^-fais(4-acryloxyethoxyphenyl)pmpane, 

2^-bl5(4-methacrybxyethQxyphenyl)propane, 

2^-fal5(4-acryloxydlethoxyphenyl)propane, 
15 2^ls(4^ethecTyl0Kydfethoxyphenyl)pfopane r * 15 

2 f 2-bls(4-acryloxytrlethoxyphenytJpropane, 

2^4)ls(4-rnethacryloxytnethoxyphenYi)propane 1 

2 r 2-bia(4-acryloxytetraethoxyphenyl)propane, 

2 < 24iia(4-methacryloxytetraethoKyphenyl)propane, 
20 2 f 24)ls(4^cryloxypentaethoxyphenyl)propane, 20 

2,2^te(4^ethaci7loxypent8ethoxyphenYl)propane / 

2 / 2-bls(4-acryloxybiJtoxyplTenyl-propane J 

2^-bl3i4-methacryloxybutoxyphenyl)propane, 

2^-bls(4-acryloxydlbutaxyphsnyl)propane r 
26 2^^i5(4-n^hacryioxydlbutoxypheny0propane l 25 

2 ^-fais(4-acryloxydIp ropoxyphe ny I) propane, 

2,24)ls(4^8tbacfylaxYd1propoxYphenyI)propane 1 

2 f 2^ls{4-acryloxytrlpropoxyphenyl)propane l 

2,2^ls^4^ethacryloxym>ropoxyphBnyl)propane, 
30 2^4^cryroxyetho>eyphentf)-244^crytoxydleth 30 

2^4-memacryloxyethoxypherryl)-2^4^ema 

2^4^ciY(oxydiBmoxyphenyl)-2^4^cryloxy^ 

2^4^ethacrylo)cydietric*yphenyi)-2^ 

2^4^ciyIoxydipropoxYpherr>i)-2^4^cryIoxytrietr^ 
35 2^4-methacrylaxydipropoxyp^ 35 

2,2-bls(4^acryloxypropoxyphenyl)propanB, 

2 f 2^lsi4Hnemacr^oxypropoxyphenyl)propane, 

2^4>isi4^cryloxylsopropoj(ypherjyl)'propanB r 

2,2-bls{4-mBthacryloxylsopropoxyphBnYl}propanB, 
40 xylylene glycol dlacrylate, 40 

xylylene glycol dlmethacrylate, etc 

Afunctional aliphatic acrylate and methacrylate 
trimethylolpropanB tiiacrylate and trimethacrylate, 
trlmethylolethane trlacrylate and trimethacrylate, 
46 trimethylolethanoltriacrylateandtrlmBthacrylate, 45 
trimethylolmethane trlacrylate and trimethacrylate, 
pentaerythrltol trlacrylate and trlmethacrylata, etc. 

Tetrafunctlortal acrylate and methacrylate 

tetramethyf olm ethane tetraacrylate and tetramethacrylatB, etc. 
* 60 When the d lure thane tetraacrylate or tetrameth acrylate monomer la used In admixture wrth other 50 
monomera, the former may be blended In an amount of 5 — 8096 by weight preferably 5—80% by 
weight, more preferably 1 0—60% by weight of the total weight of the polymerlzable monomers. 
s Among these additional porymerfeable monomers, most preferred Is a combination of 

trimethylolprop8ne trlacrylate anoVor trimethacrylate and e monomelic compound of the general 
65 formulell: n Q 65 

i 

II CH 2 =O-C0— <-OCH a CH 2 — J m — OOCC^CH^ 

wherein Bis a hydrogen or a methyl group, and m Is an Integer of 1 to 3. The strength of a cured 
product is further increased by using the diurethane tetraacrylate anoVortetramethacrylate In 
admixture with this combination of trimethytolpropane triacryiate and/or tnmethacrylate and a 
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monomaric compound of formula II. Preferred examples of the compound of formula il are mono-, dl- 
and tri-ethylene glycol dlacrylate and rfl methacrylate, particularly, triethylene glycol diacryiete and 
tnethylene glycol dimethacrylata. " - ( . 

When the three types of monomers are used together, that Is, when the diurethane tatraacrylate + 
5 and/or tetramethacrylate ts used In admixture with the trimethylol propane triacrylate and/or 5 
trimethacrylate and the compound of formula II, the ulmethytotpropane triacrylate and/or % 
trimethacrylete may be blended In an amount of 1 0—60%, more preferably 1 5—50% by weight and t 
tha compound of formula II may be blended In an amount of 1 0—6096. more preferably 1 5-^50% by 
weight of the total weight of the polymerizable monomers. Within these blending ranges, the 
1 0 diurethane tetraacrylate and tetramethacrylate will most effectively function. As described above, the 10 
diurethane tetraacrylate and/or tetramethacrylate msy preferably be blended In an amount of 5 — 80%, 
especially 1 0—60% by weight of the total weight of the polymerirable monomers because Increased 
blending amounts will increase the viscosity of a monomer mixture and result In a cured product having 
Increased water absorption. 

1 5 According to a further aspect of the present invention, a cured product having improved physical 1 5 
properties can be obtained by using tha diurethane tetraacryiate and/or tetramethacryiats in admixture 
with one or more monomerlc compounds of the formula II and one or more monomeric compounds 
selected from bls-oxyethylenic bisphenol-A diacrylates and dimethacrylates having the general formula 
111: 

0 CH 3 0 

III Uo^cH^o^^o^-mzC^o^c 

C-CH 2 CH 3 H 2 C=C 

R R 

wherein R is a hydrogen or a methyl group, and m is an Integer of 1 to 3. In this case, the diurethane 
tetraacrylate and/or tetramethacrylate may preferably be blended In an amount of 6-780%, especially 
10—60% by weight of the polymerizable monomers. The compound of formula II may be blended in 
an amount of 10—60% by weight and the compound of formula III may be blended in an amount of 

25 10— 80%, more preferably 10—60% by weight of the polymerizable monomers. 25 
It is also contemplated in the present invention that additional oligomers end polymers may be 
blanded In an amount of 0— 30% by weight of the polymerizable monomers with the above-mentioned 
monomers for the purpose of regulating viscosity, curing rate and curing shrinkage, for example, methyl 
acrylate, methyl methacrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate, tetrahydrofurfuryl 

30 acrylate, tetrahydrofurfuryl methacrylate, glycldyl acrylate, grycidyl methacrylate, styrene, and the like. 30 
Also Included are fillers which serve to increase the compressive strength, hardness and other 
physical properties of a cured product Inorganic fillers are usually employed although organic fillers 
may be employed to Improve surface gloss of a cured product and the affinity or bonding with 
polymerizable monomers. The inorganic fillers include alpha-quartz, fumed silica, glass beads, 

35 aluminum oxide, and the like. The particle size ts not particularly limhed although filters having a 35 
particle size of less than 1 00 microns, especially less than 50 microns are preferred. Those fillers 
having a particle size as small as several microns or less are also preferred to Increase surface 
smoothness. Also Included is a combination of particles having a size of several ten microns and 
particles having a size of several microns. Tne inorganic fillers may preferably be pretreated with a 

40 silane coupling agent In order to obtain an Improved bonding with monomers. Examples of the sllane 40 
coupling agent for Buch pretreatment are vinyl trlchlorosilane, vinyl trlBthoxysilane, vinyl 
trimethoxysllane, vinyl trIs(^-methoxyBthoxy)sIlane, jMnethacryioxypropyl trfmemoxysHane, N-(B- 
aminoethyD-y-amlnopropyl trimethoxysllane, and the like. The organic fillers which can be employed 
herein are those prepared by finely dividing a polymer of any of the above-mentioned monomers to a 

45 particle size of less than 50 microns in a ball mill or any suitable means. Another procedure to prepare 45 
organic fillers is polymerization of monomers dispersing Inorganic fillers having a particte size of less * 
than 1 0 microns. The polymerization cured product is finely divided to a particle size of less man 50 
microns In a bail mill or any suitable means. It Is to be noted that the filler may be blended in an amount 
of 50—80% by weight of the total weight of a filling material. * 
50 A catalyst or curing agent may be blended In the filling material according to the present 50 
Invention. Any suitable known catalyst or curing agent may be used, for example, a combination of an 
amine and a peroxide, or sulfinlc acid or Its derivatives and a peroxide. When such a combination of 
curing agents is used, the above-mentioned necessary monomer or monomers and the optional 
additives may be divided Into two groups or a composition comprising the necessary monomerts) and 
55 optional additives may be divided into two portions such that the amine or sulfinlc acid derivative may ■ 55 
be blended into one while the peroxide may be blanded Into the other. Immediately before application, 
these two portions are blended Into a mixture which will cure by nature. The amine may Include N,N- 
dimethyl-p-toluidine, N,^(dl^)hydroxyethyl)-p-toluldlne, N^-dlmethylanlline, monoethanol amine and 
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the like. The content of the amine may preferably be In the range of from 0. 1 to 5% by weight of the 
polymerizable monomers. Derivatives of sulfinle arid may be benzene surfinic acid, p-toluene eurtmlc 
acid and their sodium salts, and the like. The content of sulfinlc add or Its derivatives may preferably be 
in the range of from 2 to 6% by weight of the polymerizable monomers. The peroxide may Include 
5 benzoyl peroxide, dl-p-chloro-benzoyl peroxide, dMauroyl-peroxide, methyl ethyl ketone peroxide and 5 
the like. The content of the peroxide may preferably be in the range of from 0.1 to 3% by weight of the 
polymerizable monomers. 

The composition may also be formulated Into an ultraviolet curable system by blending 1 a n 
ultraviolet sensitizer such as benzoin methyl ether, acetophenone, benzophenone, 2,2,2-tricnloro^ -t- 

1 0 butylacetophenone, Bnthraqurnone and the like in an amount of 0.3—3% by weight of the monomers. 1 0 
In this case, all the necessary ingredients may be blended Into a single composition which must be 
packed in a UV-shlelded package. 

In addition, a polymerization Inhibitor, colorant, antioxidant and other additives may be blended In 
the filling material according to the present Invention, If desired. Optionally, hydrocarbons such as 

1 5 paraffin, liquid paraffin, anhydrous vaseline, microcrystatitne wax, squalane, etc; waxes such as ^ 5 

lanoUn, liquid lanolin, beeswax, etc; organic acid esters such as Isopropyl mynsrate. myrlstyT mynstate, 
isopropvl paimhate, etc, and other oily substances may be blended in an amount of 0 to 1 0%, 
especially 0.1 to 10% by weight of the monomers. The resulting cured product hasfurther Improved 
abrasion resistance. 

20 The present Invention will be more fully understood by referring to the following examples and 20 
comparative examples. However, the following examples are not to be construed to limit the scope of 
the Invention. In these examples, parts are all by weight. 

Example 1 & Comparative Example 1 . 

Dental filling materials were prepared according to the following formulations A and B. 

26 25 

and tnethyienVglycol dimethacryiate at a weight ratio of 2:3 was added 257 parts of a-quartz treated 
^^acr&opyl trimethoxysllane. The resulting mixture ^ ^e^to^o *• . 

part of benzoyl peroxide was added to one portion while one part of N^I-dimethyl-p-toluidlne was 

30 added to the other portion. 30 

Equal amounts of these two portions were admixed to form a cured sample, 

"u^ 

the polymerizable monomer mixture was a mixture of^lsl^cr^ 
35 Methylene glycol dimethacryiate, and the compound of formula I wherein R to R* are CH 3 and n is 35 
equal to 8. metis, bis{1 ^imethacryloy^ dlcarbamate at a 

weight ratio of 2:3:1. 

The cured samples were determined for Barcol hardness, compressive strength, diemetral tensile 
strength, and flexural strength according to the following methods. The results are shown In Table 1 . 

rterdness 

A cured sample was Immersed In distilled water at a temperature of 37°C for 24 hours before the 
hardness of the sample was measured using the Barcol hardness tester model No. GYZJ 934-1 . 

Compressive strength 

A cured disc sample ha vlng a diameter of 6 mm and a height of 3 mm was formed and Immersed 
45 in distilled water at e temperature of 37°C for 24 houre before a compression test was carried 45 
compression rate of 1 0 mm/mln. using the Strograph-U. 

Diametral tensile strength 

A cured disc sample having a diameter of 6 mm and a height of 3 mm wes formed and immersed 
in distilled water at a temperature of 37°C for 24 hours. The sample disc was placed on rts side 
50 between parallel platens of the testing machine, the Strograph-U. A small piece of blotting paper wet 50 
with water was inserted between the platens of the machine and each side of thB sample disc The 
sample was loaded continuously in compression at 1 0 mm/min. to the breaking point 

Flexural strength . . 

A cured sample having a width of 2 mm, a length of 25 mm and a thickness of 2 mm formed 
56 according to ISO 4049. The sample was immersed In distilled water at a temperature of 37°C for 24 55 
hours before flexural strength test was carried out at a rate of 1 mm/min. on the Strograph-U. 
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Table I 

A f comparison) B (invention) 
Hardness, Banco! 65 73 

Compressive strength, kg/cm 2 2551 3611 

5 Diametral tensile strength, MN/m 2 36 66 , 5 

Rexural strength, kg/cm 2 988 1104 

Example 2 

To 1 00 parts of a mixture of polymerlzable monomers, bls( 1 ,3-dfmethacryloyloxy-2- 
propanetrfy])-N f N r -haxamethYlBne dlcarbamate, Methylene glycol dlmethacrylate, and 
1 0 trimethylolpropane trimethacrylate at a weight ratio of 2:3:1 was added 257 parts of ar-quartz 1 0 

treated with y-methacryloxypropyl trimethoxysllane. After thorough mixing, the mixture was divided 
into two portions. One part of benzoyl peroxide was added to one portion while one part of N,N- 
dimethyl-p-toluldlne was added to the other portion. 

Equal amounts of these two portions were thoroughly admixed to obtain a cured sample. The 
1 5 physical properties of the sample were determined as described In Example 1 . The results are shown in 15 
Table II. 

Table II 

Hardness, Barcol 80 
Compressive strength, kg/cm* 3472 
20 Diametral tensile strength, MN/m 2 52 20 

Flexural strength, kgfcm 2 1303 

Example 3 

To 1 00 parts of a mixture of polymerlzable monomers, bls(1 ,3-dlrneth acryl oyloxy-2- 
propanetriyi)-N,N'-hexamethyiene dlcarbamate and trimethylolpropane trimethacrylate at a weight 
25 ratio of 3:2 was added 267 parts of a-quartz treated with y-methacryloxypropyl trimethoxysilane. After 25 
thorough mixing, the mixture was divided into two portions. One part of benzoyl peroxide was added to 
one portion while one part of N,^Kli(^hydroxyethyf)-p-toluidIne was added to the other portion. 

Equsl amounts of these two portions were thoroughly admixed to obtain a cured sample. The 
physical properties of the sample were determined as described in Example 1 . The results are shown in 
30 Table ill. 30 

Table HI 

Hardness, Barcol 79 
Compressive strength, kg/cm 2 3155 
diametral tensile strength, MN/m 2 42 
35 Flexural strength, kg/cm 2 1261 35 

Example 4 

To 1 00 parts of a mixture of poiymerizabla monomers, bls{1,3-dlmBthacrytoyloxy-2- 
propanetriyl)-N,N'-hexamethylene dicarbam8te, trl ethylene glycol dlmethacrylate, and methyl 
methacryiate at a weight ratio of 2:3:1/2, 1 0 parts of poly(methyl mBthacrylateJ having a degree of 

40 polymerization of 7.000—7,600 was dissolved and 2 50 parts of a-quartz treated with y- 40 
methacryloxypropYl trimethoxysilane was added. After thorough mixing, the mixture was divided into 
two portions. One part of benzoyl peroxide was added to one portion while one part of N,N-dl(£- 
hydroxyethyl}-p-toluldine was added to the other portion. 

Equal amounts of these two portions were thoroughly admixed to obtain a cured sample. The 

46 physical properties of the sa mple were determined as described in Example 1 . The results are shown In 45 
Table IV. 

Table IV 

Hardness, Barcol 72 
Compressive strength, kg/cm 2 3 1 38 

50 Diametral tensile strength, MN/m l 58 50 

Rexural strength, kg/cm 2 1258 

Examples 5 & 6 and Comparative Example 2 

Dental filling materials were prepared according to the following formulations C, D and & 

Formulation C (Invention) 

55 To 1 00 parts of each of mixtures of polymerlzable monomers, bts( 1 ^-dlmethacryloyIoxy-2- 55 
propaneW)-N,N'-hexamethylene dicarbamate and trl methyl oylpropane trimethacrylate at weight 
ratios of 4:1 (sample C^a), 3:2 (sample C-b), 23 (sample C-c) and 1 :4 (sample C-d), respectively, was 
added 257 parts of o-quartz treated with p-methacrytoylpropyl trimethoxysilane. The resulting mixture 
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was divided Into two portions. One part of benzoyl peroxide was added to one portion while one part of 
N.N-dimethW-p-toIuidine was added to the other portion. 

Equal amounts of these two portions were admixed to obtain a cured sample. 

Formulation D (Comparison) - 
5 A cured sample was obtained by the same procedure described for formulation C except that the 
" polymerizable monomer mixture was a mixture of 2^is{4^cryloxydlethoxypher^l)propBne, 
. Methylene glycol dlmethacrylate, and trimethylolpropane trimethacrylats at a weight ratio of 2:3:1 . 

Formulation E (Invention) . . . - ' 

To 1 00 parts of a mixture of polymerizable monomers, bis( 1 ,3-dimethacryloyloxy-z- 
1 0 propanetrryl)-N,N r -nexamethylanB dicarbamste, trimethylolpropane trimethacryiate, and triethylene 

glycol dlmethacrylate at a weight ratio of 2:3:1 was added 257 parts of a-qu a rtz treated with y 

methacryloxypropyi trimethoxysilane. After thorough mixing, the mixture was divided into two portions. 

One part of benzoyl peroxide was added to one portion while one part of N,N-dimethvl-r>tolu1dine was 

added to the other portion, , 
15 Equal amounts of these two portions were admixed to obtain a cured sample. 

The cured samples were determined for Barcoi hardness, compressive strength, diametral tensile 

strength, and flexural strength according to the methods as described in Example 1 . The results are 

shown In Table V. 
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Table V 



example 



Hardness, 
Barcoi 



C-a 
C-b 
C-c 
C-d 

D 

E 



79 
79 
80 
78 
75 
82 



Compressive 
strength, 
kg/cm 2 


Diametral 
tensile 

strength 
MN/m 1 


Flexural 
strength, 
kg/cm 2 


2750 


42 


1165 


3165 


42 


1260 


2980 


43 


1100 


2950 


39 


900 


3395 


50 


990 


3600 


52 


1410 



20 



26 



It was found that similar results were obtained when the dhirethane tetraacrylate of formula \ 
wherein R 1 — R 4 are hydrogens and n Is equal to 6 was used. 

Exampte^ ^ a m|xturB of polymerizable monomers, bis(1 3-dlmethacryloyloxy-2- 
propanetriyIl-N,N'-hexamethyIene dlC8rbamate,.trimethylorpropane trimethacrylate, and methylene 
olycol dlmethacrylate at a weight ratio of 3:2:1 was added 280 parts of e*-quartz treated with y- 
methacryloxypropyi trimethoxysilane. After thorough mixing, the mixture was divided Into two P^ons. 
One and a half parts of benzoyl peroxide were added to one portion while 1 ,5 parts of N,N-dimetnyl-p- 
toluldlne were added to the other portion. 

Equal amounts of these two portions were thoroughly admixed to obtain a cured sample. The 
physical properties of the sample were determined as described in Example 1 . The results are shown in 
Table VI. 
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Table VI 

Hardness, Barcoi 
Compressive strength, kg/cm 1 
Diametral tensile strength, MN/m 2 
Flexural strength, kg/cm 2 



82 
3630 

58 
1350 



45 



^^TcTlOO parts of a mixture of polymerizable monomers, bis( 1 ,3-dim eth acryl ayloxy-2 - 
propanetriyl)-N,N'-hexamethYlene dicarbamate, trimethylolpropane trimethacryiate, and tnethylene 
glycol dlmethacrylate at a weight ratio of 1 :2* was added 280 parte of 50 
methacryioxypropyl trimethoxysilane. After thorough mixing, the mixture was oivWed portions. 
One end e half parts of benzoyl peroxide were added to one portion while 1 .5 parts of N.N-dl^ 
hydroxyethyl)-p4oluldine were added to the other portion. 

Equal amounts of these two portions were thoroughly admixed to obtain a cured sample. The # 
physical properties of the sample were determined as described in Example 1 . The results are shown in 55 
Table VII. 
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Table VI! 

Hardness, Barcol 81 
Compressive strength, kg/cm a 3525 

Diametral tensile strength, MN/m* 52 A 

5 Rexural strength, kg/cm* 1335 . 5^ 

t 

"Claims * 

1 . A dental filling material comprising a polymerizable monomer to be polymerized upon 
application, characterized In that the polymerizable monomer comprises a reaction product of two 
moles of a compound selected from hydroxyalkyl dlacrylates and hydroxyalkyl dlmethacrylates with 

\ 0 one mole of an organic dllsocyanate alone or in admixture with another polymerizable monomer. 1 0 

2. A dental filling material according to claim 1 wherein said reaction product has the general 
formula I: 

t f 

H 2 OC C=CH 2 
0 = ^00^-01^0^=0 

? 

00 
I 

NH 

tCH 2 l n 

NH 
I 

C=0 
I 



0^mCH 2 -CH-CH20C=0 



H 2 C=C 



C=CH 2 

R3 



wherein R\ R 2 , R a and R* are Independently hydrogens or methyl groups, and n is equal to a value 
15 between 2 and 1 0 Inclusive. 15 

3. A dental filling material according to claim 2 wherein said compound of formula 1 Is bis(1 ,3- . 
di methac^c7ioxy-2^ropanetrM)^JvP-hexamethYlene dlcarbamate* 

4. A dental filling material according to claim 2 wherein said compound of formula I is bis(1 ,3- 
dIacryloyloxy-2-propanetrryl)-N,N'-hexamethylene dlcarbamate. 

20 5. A dental filling material according to any one of the preceding claims wherein said reaction 20 
product is present In admixture with a polymerizable monomer consisting of trimethylolpropane 
triacrylate, trimethylolpropane trimethacrylate or a mixture thereof, and a polymerizable monomer 
having the general formula II: 

R . R 

I I 
II CH^-CO— {— OCH 2 CH 1 -H ra -OOCC ; = S CH 2 

25 wherein R is independently a hydrogen or a methyl group, and m Is equal to a value between 1 and 3 '25 
Inclusive. & 

6. A dental filling material according to claim 5 wherein said monomer of formula II Is triethylene 
glycol diacrylate, triethylene glycol dlmethacrylete or a mixture thereof. 

7< A dental filling material according to claim 5 or 6 wherein said reaction product is present In an « 

30 amount of 5 to 8096 by weight of the total weight of the polymarlzable monomers, said monomer 30 
consisting of trimethylolpropane triacrylate, trimethylolpropane trimethacrylate or a mixture thereof Is 
present In an amount of 1 0 — 6096 by weight of the total weight of the polymerizable monomers, and 
said monomer of formula II is present In an amount of 1 0 — 8096 by weight of the total weight of the 
polymerizable monomers, 

36 8. A dental filling materia! according to claim 7 wherein said reaction product Is present in an 35 
amount of 1 0 to 609£ by weight of the total weight of the pofymertzable monomers, 

9. A dental filling material according to any one of claims 1 to 4, wherein said reaction product Is 
present In admixture with a polymerizable monomer having the general formula II: 
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t| CH 2 =C — CO — {— OCH e CH a — ) m — 00CC=CH 2 

wherein R is independently a hydrogen or e methyl group, and m is equal to a value between 1 and 3 
Inclusive, and a polymerizable monomer having the general formula HI: 

0 CH3 ° 

III f ^0CH 2 O^ VO^-O^^^J 
C=CH 2 CH 3 H 2 C-C 

R R 

5 wherein R is independently a hydrogen or a methyl group, and m is equal to a value between 1 and 3 5 

inclusive. ,_, , „ . 

1 0. A dental filling material according to claim 1 3 wherein said monomer of formule II is 
Methylene glycol cflacrylate, triethylene glycol dimethacrytate or a mixture thereof. 

1 1 A dental filling material according to claim 9 or claim 10 or 14 wherein said reaction product 
10 Is present in an amount of 6 to 8096 by weight of the total weight of the polymerizable monomers, said 1 0 
monomer of formula II is present In an amount of 1 0—60% by weight of the total weight of the 
polymerizable monomers, and said monomer of formula III Is present in an amount of 1 0—80% by 
weight of the polymerizable monomers. . 

1 2. A dental Ailing material according to claim 1 1 wherein said reaction product is present in an 

1 5 amount of 1 0 to 60% by weight of the total weight of the polymerizable monomers. 1 5 

13. A dental filling materi al substantially as described in any of Examples 1—8. 

Primed tor Har Mi^estr'a SuBJonwy Offloa by the Courier Press. Uwralngton Spa, ^ BSL PubGthad by the Patent Office. 
25 Southampton BufWlnga, London, WC2A 1 AY. from whbh copies may be obtained. 



